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Abstract 
As organizations innovate by increasingly opening their boundaries, resources and actors in 
innovation ecosystems are interacting to shape these innovations. Our review of the literature 
on digital innovation and ecosystems suggests that our efforts to develop, understand, and 
utilize digital innovations may benefit from taking the ecological perspective seriously, not 
just as metaphors, but as a modeling strategy. Specifically, the concept of ecosystem can be 
applied to multiple levels of the digital innovation landscape, linking diverse entities such as 
processes, organizations, industries, communities, and society, as they draw on resources, 
including attention, knowledge, technologies, and capabilities, to create, distribute, and 
realize the value of digital innovations. This multilevel, ecological model can help revitalize 
existing theories, resolve theoretical puzzles, and break new ground in the research both on 
digital innovation and on innovation ecosystems. 
Keywords:  Digital innovation, ecosystem, ecology, innovation community, multilevel 
model 
 
Introduction 
Since the dawn of the digital age, Information Systems research has gradually shifted from studying 
strategy, leadership, and governance within the IS/IT function of an organization to understanding the 
role of digital technologies in driving organizational and social innovations (Bharadwaj et al. 2013; 
Nambisan et al. 2017). In this larger arena, there are many players with multifaceted relationships and 
interactions. Therefore the consequences of digital innovations are difficult to predict. It is thus a 
daunting task to investigate the complex technical, behavioral, organizational, cultural, and legal 
issues surrounding IS/IT strategy, leadership and governance in the digital age. To meet this 
challenge, researchers and practitioners are exploring new ideas that may help address their broader 
IS/IT agenda. One promising perspective is the ecological view of the broader environment for IS/IT 
and other stakeholders in, across, and beyond a focal organization. Many call such environment 
"ecosystem," which emphasizes a holistic approach to understanding the relationship among people, 
technology, and the environment (e.g., Leong et al. 2016). 
However, just a quick glimpse of the digital innovation literature may suggest that the ecosystem term 
has become a buzzword: Its use is prevalent but its meaning is often ambiguous and confusing, if not 
misleading (Oh et al. 2016). The same can be said about the numerous ecological metaphors that often 
accompany the ecosystem term. To clarify the widespread confusion about the ecosystem concept, we 
have reviewed the literature about this concept in Information Systems (IS) and Organizational 
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Studies (OS). Our review prompted us to appreciate the value of ecological perspective and hence 
offer a multilevel model of digital innovation ecosystems. Both our literature review and model were 
rooted in digital innovation research. 
Digital Innovation Literature 
Yoo et al. (2010) define digital innovation as "the carrying out of new combinations of digital and 
physical components to produce novel products." (p. 725). While they focus on product innovation, 
others prefer a broader definition: "a product, process or business model that is perceived as new, 
requires significant changes on the part of adopters, and is embodied in or enabled by IT" (Fichman et 
al. 2014, p. 333). There are four themes in the relatively nascent research on digital innovation. 
First, a digital innovation, whether it is a new product, process, or business model, often consists of 
multiple components. For instance, many digital product innovations share the so-called "layered 
modular architecture" (Yoo et al. 2010), "a hybrid between a modular architecture and a layered 
architecture, … the full-blown layered modular architecture … does not have a fixed boundary at the 
product level" (p. 728). 
Therefore, the second theme of digital innovation research addresses the blurring or fluid boundaries 
of products, processes, organizations, industries, and markets (Constantiou et al. 2017; Nambisan et 
al. 2017). For example, the boundaries of the automobile industry have been broken by digital 
innovations such as GPS, mobile phones, and autonomous vehicles. Some digital innovation 
processes involve users or customers (Saldanha et al. 2017). For example, digital services innovation 
routinely engage service providers and the customers to co-create such the services (Barrett et al. 
2015), further blurring the boundaries between the providers and users of an innovation. 
Third, due to the multiple components of digital innovations and the diverse actors and actions 
required to innovate with digital technology, shared cognition and joint sensemaking become crucial 
in managing digital innovations (Nambisan et al. 2017). Just as ideas are epistemologically different 
from physical practices or objects, a digital innovation exists in conceptual and/or material forms 
(Swanson and Ramiller 2004). The conceptual form of an innovation is a set of ideas that describe the 
attributes, processes, and possible consequences of the innovation. Previous research on the 
conceptual form of digital innovation seemed to share a common insight: While the material form of 
an innovation is often associated with specific organizations, giving and making sense of a digital 
innovation are not confined within any organization, but require the undertaking of a collective of 
actors, often outside the primary providers or adopters of the focal innovation in the material form. 
The above three themes bring us to the last theme of digital innovation research: open innovation. 
Open innovation is "the use of purposive inflows and outflows of knowledge to accelerate internal 
innovation and expand the markets for external use of innovation" (Chesbrough 2012, p. 20). Not all 
digital innovations are open; nor all open innovations are digital. However, many innovations are both 
digital and open, because digital products, processes, and business models, as described above, have 
multiple components offered, utilized, and comprehended by diverse actors with blurring and fluid 
boundaries, and because open innovations rely on digital technology to open the organizational 
boundaries to reach the actors in a broader setting. In the research on digital innovation (Bharadwaj et 
al. 2013; Fichman et al. 2014; Nambisan et al. 2017; Yoo et al. 2012) and on open innovation 
(Chesbrough et al. 2014), this broader setting is often called an "ecosystem." 
Literature on Ecosystems 
Although it may be true that James Moore popularized the term "ecosystem" in business and 
technology management over 20 years ago (Moore 1993; Moore 1996), as the opening quote of this 
paper claims, it is impossible today to pinpoint one person or organization responsible for the 
proliferation of the term in the lingua franca among business and technology scholars and 
practitioners. Due to the relevance of ecosystem to digital innovations, we reviewed research on 
ecosystems in IS and Organizational Studies, two related fields where the meaning and utilities of 
ecosystem have expanded significantly in the past two decades. In a snowballing process, we began 
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by a recent literature review (Nischak et al. 2017), where the authors selected 42 articles based on 
searching keywords (including "ecosystem" and "information technology" among others) in article 
abstracts in three prominent bibliographic databases (JSTOR, EBSCO, and AISeL). To this initial 
collection (of articles published between 1993 and 2016), we added 18 more articles based on forward 
and backward loops conducted on the initial set (Webster 2002) and from the proceedings of the 
International Conference on Information Systems (ICIS) and the Academy of Management Annual 
Meetings, two flagship research conferences in IS and OS respectively for the last two years (2016-
2017). In total the 60 articles (due to page limit, the list of articles is available upon request) form a 
comprehensive sample of current thinking about ecosystem in the IS and OS literature. 
Various Types of Ecosystems 
Over the past two decades, research that applied the concept of ecosystem in IS and OS has examined 
a variety of subjects as the primary purposes of the ecosystems (Gomes et al. Forthcoming; Oh et al. 
2016), such as business process, product, service, business (including digital business), 
entrepreneurship, technology, and innovation (including digital innovation). We review each type of 
ecosystems below, and then highlight their differences and commonality. Table 1 is a summary. 
In the context of IS development within firms, the notion of business process ecosystem was proposed 
to understand the co-evolving parts of the ecosystem, including business users, business processes, IT 
developers, and software services (Vidgen and Wang 2006). Through the coevolution of the 
ecosystem's components, a firm's business processes and IT infrastructure can be aligned to generate 
competitive advantage. Although a business process ecosystem exists within a firm, most 
conceptualizations of ecosystem go beyond the firm boundaries. 
A product ecosystem includes not only a focal product, but also additional complementary products 
and services (e.g., training and support), or other elements needed to create a whole solution for 
customers to buy (Frels et al. 2003). A familiar example is product ecosystem for Apple's iPhones, 
consisting of the focal product iPhone, complementary products such as apps developed by Apple and 
numerous third-party developers, accessories made by various vendors, songs and audio and video 
programs made available on the platform and customer services and training programs. 
Service ecosystems are defined as "relatively self-contained self-adjusting systems of resource-
integrating actors connected by shared institutional logics and mutual value creation through service 
exchange" (Vargo and Akaka 2012, p. 207). The value of services is co-created by the service 
providers and customers who integrate resources (such as cultural norms and technology) in specific 
contexts where the value is uniquely determined by the customers (Vargo and Akaka 2012; Vargo and 
Lusch 2004; Vargo and Lusch 2008). 
Addressing business executives, Iansiti and Levien (2004) wrote, "Your own business ecosystem 
includes, for example, companies to which you outsource business functions, institutions that provide 
with financing, firms that provide the technology needed to carry on your business, and makers of 
complementary products that are used in conjunction with your own. It even includes competitors and 
customers when their actions and feedback affect the development of your own products or processes. 
The ecosystem also comprises entities like regulatory agencies and media outlets that can have a less 
immediate, but just as powerful, effect on your business" (p. 69, emphasis added). 
Sometimes a business ecosystem is based on a platform, a foundation technology or service that is 
essential for a broader, interdependent ecosystem of businesses (Gawer and Cusumano 2008). There 
are several types of platforms. Internal product platform is "subsystem and interface that form a 
common structure from which a company can efficiently develop and produce a family of products, 
such as new automobiles or consumer electronics devices" (Gawer and Cusumano 2014, p. 419). 
Industry platforms are "products, services, or technologies developed by one or more firms, and 
which serve as foundations upon which a larger number of firms can build further complementary 
innovations and potentially generate network effects" (Gawer and Cusumano 2014, p. 420). Industry 
platform-based ecosystems are the subject of probably the most vibrant stream of ecosystem research 
in IS and OS (e.g., Huber et al. 2017; Parker et al. 2017; Tiwana 2015; Van Alstyne et al. 2016). This 
stream examines the governance by the platform owner and complement providers, the architecture of
 Multilevel Model of Digital Innovation Ecosystems 
  
 Twenty-Second Pacific Asia Conference on Information Systems, Japan 2018 
Table 1. Various Types of Ecosystems Related to Digital Innovation  
Type of Ecosystem Representative Definition Key Reference Level of Analysis 
Business process 
ecosystem 
includes business users, business processes, IT developers, and software services that coevolve 
with each other. 
(Vidgen and Wang 
2006) 
Intra-organizational 
Product ecosystem includes a focal product, and additional complementary products and services (e.g., training 
and support), or other elements needed to create a whole solution for customers to buy. 
(Frels et al. 2003) Organizational 
Service ecosystem "relatively self-contained self-adjusting systems of resource-integrating actors connected by 
shared institutional logics and mutual value creation through service exchange." 
(Vargo and Akaka 
2012, p. 207) 
Organizational 
Business ecosystem includes, for example, companies to which the focal firm outsources business functions, 
institutions that provide with financing, firms that provide the technology needed to carry on 
the focal firm's business, and makers of complementary products that are used in conjunction 
with the focal firm's product, as well as competitors and customers when their actions and 
feedback affect the development of the focal firm's own products or processes, and entities like 
regulatory agencies and media outlets that can have a less immediate, but just as powerful, 
effect on the focal firm's business. 
(Iansiti and Levien 
2004) 
Organizational and 
inter-organizational 
Platform ecosystem A set of businesses relying on a common platform, which is a foundation technology or service. (Gawer and 
Cusumano 2008) 
Organizational and 
inter-organizational 
Digital business 
ecosystem 
"a flexible combination of heterogeneous actors, interacting coopetitively by fundamentally 
drawing on a shared set of digital resources in conjunction with nondigital resources driven by 
the underlying perception that engaging in joint value creation increases individual chances of 
survival and growth." 
(Nischak et al. 
2017, p. 13) 
Organizational and 
inter-organizational 
Entrepreneurial 
ecosystem 
"combinations of social, political, economic, and cultural elements within a region that support 
the development and growth of innovative startups and encourage nascent entrepreneurs and 
other actors to take the risks of starting, funding, and otherwise assisting high-risk ventures" 
(Spigel 2017, p. 
50) 
Inter-organizational 
and regional 
Technology 
ecosystem 
an environment that contains populations of technologies organized as overlapping hierarchies 
with many interdependent relationships 
(Adomavicius et 
al. 2008a) 
Inter-organizational 
IT ecosystem "a subset of information technologies in the IT landscape that are related to one another in a 
specific context of use" 
(Adomavicius et 
al. 2008b, p. 783) 
Inter-organizational 
Innovation 
ecosystem 
"a multilateral set of partners that need to be aligned for a focal value proposition to 
materialize." 
(Adner and Klotz 
2016, p. 3) 
Inter-organizational 
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the platform, and the impacts of governance and architecture on the evolution of the ecosystem 
(Tiwana et al. 2010). 
Since business today is increasingly driven and enabled by digital technology, business ecosystem is 
becoming increasingly digital. Synthesizing their review of the literature on ecosystems, Nischak et 
al. (2017) defined a digital business ecosystem as "a flexible combination of heterogeneous actors, 
interacting coopetitively by fundamentally drawing on a shared set of digital resources in conjunction 
with nondigital resources driven by the underlying perception that engaging in joint value creation 
increases individual chances of survival and growth" (p. 13, emphasis added). 
Related to but often broader than business ecosystems, entrepreneurial ecosystems are "combinations 
of social, political, economic, and cultural elements within a region that support the development and 
growth of innovative startups and encourage nascent entrepreneurs and other actors to take the risks of 
starting, funding, and otherwise assisting high-risk ventures" (Spigel 2017, p. 50). As 
entrepreneurship takes place in a community of interdependent actors, the literature on entrepreneurial 
ecosystems focuses on how social context facilitates or restricts entrepreneurship (Stam 2015, 1761). 
In technology ecosystems, the subject focuses on the different yet related technologies. A technology 
ecosystem is an environment that contains populations of technologies organized as overlapping 
hierarchies with many interdependent relationships (Adomavicius et al. 2008a). Categories of 
technologies in an ecosystem may be classified according to the roles they play. The roles include (1) 
support and infrastructure, (2) product and application, and (3) component of the product/application. 
The features and evolution of a focal technology depend on those of technologies that depend on the 
focal technology or that the focal technology depends on (Adomavicius et al. 2008a). Therefore, if a 
component or complement in a new technology's ecosystem is underdeveloped, then the new 
technology cannot take off to replace the old technology, especially if the old technology is improved 
in its own ecosystem (Adner and Kapoor 2016). Applying this perspective to information technology 
(IT), Adomavicius et al. (2008b) defined IT ecosystem as "a subset of information technologies in the 
IT landscape that are related to one another in a specific context of use" (p. 783). Multiple IT 
ecosystems constitute the IT landscape, the overall IT environment. 
Since the technologies are interdependent in their ecosystem, innovations in these technologies are 
also interdependent in what is called innovation ecosystem. Innovations in TV sets produced 
extremely high picture quality, but innovation in critical complements such as studio production 
equipment and signal compression technologies were falling behind, causing HDTV's disappointing 
performance in the market (Adner 2006). Therefore, to succeed individually and collectively, 
participants in an innovation ecosystem need to make collaborative arrangements to combine their 
individual offerings into a coherent, customer-facing solution (Adner 2006). In this sense, an 
innovation ecosystem is "a multilateral set of partners that need to be aligned for a focal value 
proposition to materialize. These partners collaborate because they want to compete with whatever the 
established proposition is. They want to replace the incumbent technology" (Adner and Klotz 2016, p. 
3). Since digital technologies make process and product innovations programmable, sensible, and 
searchable, digital technologies not only enable innovations within each components of the ecosystem 
(Hopkins 2010), but also drastically reduce the costs of coordination (Adner 2006). Therefore, many 
innovation ecosystems are digital innovation ecosystems. 
Differences and Commonality among Ecosystem Definitions 
The ecosystems we reviewed above differ in their purposes. Some purposes are specific such as 
business processes, products and services; others are more general, such as innovation, 
entrepreneurship, and business, which may be applied to different levels of analysis. Indeed the levels 
of analysis are quite different in these ecosystem definitions: at intra-organizational, organizational, 
inter-organizational, and even higher levels such as regions and nations. These differences make it 
inevitable that different types of ecosystems have different constituencies: In some cases the subject is 
the constituency of the ecosystem, as the technologies in a technology ecosystem. In other cases, as in 
innovation ecosystems, it is the actors and the resources that constitute the ecosystems. 
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Despite these differences, there is substantial commonality across the various types of ecosystems 
reviewed above. First, digital technology is present in almost every ecosystem, either as the purpose 
itself, or a key enabler for the activities essential to the ecosystem. The prevalence of this 
phenomenon justifies our goal to understand digital innovation ecosystem, as the findings would be 
useful for other types of ecosystems as well. Second, except the business process ecosystem, possibly 
bounded within an organization, most ecosystems reviewed above do not have clearly defined 
boundaries. This is a well-known characteristic of digital innovation (see the previous section). Given 
the prevalence of digital technology, it is not surprising that open and fuzzy boundaries are found 
various types of ecosystems. Lastly, ecological metaphors are intuitive in most of the ecosystem 
definitions. Natural biological ecosystems do not have clear boundaries too. Species coexist in 
competitive and symbiotic relationships in natural ecosystems, in seemingly similar ways that actors 
compete and collaborate in product or innovation ecosystems. Despite these intuitive connections, 
ecological metaphors have their limits and they may be cognitive dissonant and conceptually 
insufficient, if not misleading, as we explain next. 
Ecological Metaphors Are Intuitive, but Limited 
Metaphors have proved to be an effective approach to developing theories (Cornelissen and Kafouros 
2008). Because ecological metaphors are easy to understand and capture salient features of 
sociotechnical systems, we see ecological metaphors frequently in the literature about sociotechnical 
systems, especially digital innovations. However, these metaphors are not without limit. 
Foremost, natural and sociotechnical systems are fundamentally different. First, a sociotechnical 
ecosystem, at least a portion of it, is a designed, engineered system with a purpose. In contract, natural 
ecological systems, at least most of them, evolve naturally without teleology (Oh et al. 2016). Second, 
although both natural and sociotechnical systems evolve, they evolve at very different rates. The 
evolution of natural systems may be far slower, at its maximal Darwinian rate, than that of 
sociotechnical systems (Gould 1987). Third, ecological and evolutionary phenomena in natural 
systems are metaphorical in sociotechnical systems, but with very different meanings. For example, 
regarding speciation, biological evolution is a system of constant divergence (once distinct, lineages 
are separate forever) (Gould 1987), whereas technology speciation in sociotechnical systems is 
characterized by both divergence and convergence (Cattani 2006). 
In addition to these limitations, several challenges emerge from using ecological metaphors to 
understand sociotechnical systems. First, it is questioned whether ideas about innovation ecosystems, 
are essentially different from those about innovation systems in previous research (Mercan and 
Göktaş 2011; Oh et al. 2016; Siegele 2014). Second, there has been confusion about the levels at 
which the term ecosystem is used. For instance, a species is clearly defined in a natural ecosystem. In 
contrast, a sociotechnical ecosystem, it is not clear whether an entity with characteristics 
corresponding to those of a species refers to an organization or an industry. Third, perhaps due to the 
confusion about the levels of analysis, we lack a coherent approach to measuring the structure and 
performance of sociotechnical ecosystems (Oh et al. 2016). 
Given these challenges, some have argued to avoid using the ecosystem term (Oh et al. 2016). If we 
took that option, we would have to give up completely the opportunities to nourish and advance 
digital innovation research with ecological thinking. Rather, despite the differences between natural 
and sociotechnical ecosystems, we propose to overcome the challenges and limitations of ecological 
metaphors by taking ecological thinking seriously, not just as metaphors, but as a modeling strategy in 
digital innovation research (Hannan and Freeman 1989). Specifically, inspired by the versatility of 
ecosystem analysis, we offer a multilevel, ecological model to account for the various actors and their 
diverse actions and relationships at different levels of a digital innovation ecosystem. 
A Multilevel, Ecological Model of Digital Innovation Ecosystems 
In this paper, we focus on digital innovation ecosystem as a special type of sociotechnical system 
because of not only our original goal to understand digital innovations from onset of this study, but 
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also the prevalence of digital technology in various kinds of sociotechnical systems. Before we apply 
the ecosystem concept to digital innovation, we revisit the concept in its original, ecological context. 
In the agreement reached by 
participants of its Convention on 
Biological Diversity in 1992, the 
United Nations defined ecosystem as 
"a dynamic complex of plant, animal 
and micro-organism communities and 
their non-living environment 
interacting as a functional unit" 
(United Nations 1992, p. 3). In other 
words, an ecosystem is the "sum of all 
the organisms living in a given area 
and the abiotic factors with which they 
interact. An ecosystem can encompass 
a large area, such as a lake, forest, or 
island, or a microcosm, such as the 
space under a fallen log or a small 
desert spring" (Urry et al. 2017, p. 
1236). Hence, the versatility of the 
ecosystem concept allows us to apply ecosystem analysis to multiple levels of digital innovations, 
including organizational, industry, community, ecosystem, and landscape. These different levels 
correspond to the multiple scopes of ecology, including organismal ecology, population ecology, 
community ecology, ecosystem ecology, and landscape ecology (Urry et al. 2017, p. 1163). Figure 1 
depicts a typology of these nested ecological units. The term ecosystem has two senses here: the 
broader sense is that ecosystem analysis, due to its versatility, can be applied to any level of the 
ecological typology; the narrower sense is that ecosystem analysis is at the layer between community 
and landscape, dealing specifically with how communities and their resources interact and coevolve. 
Organizational Ecology of Digital Innovation 
Organismal ecology, "which includes the subdisciplines of physiological, evolutionary, and 
behavioral ecology, is concerned with how an organism’s structure, physiology, and behavior meet 
the challenges posed by its environment" (Urry et al. 2017, p. 1163). We map organisms in ecology to 
organizations in digital innovation ecosystem (Moore 1993). Strictly speaking, neither an organism 
nor an organization is an ecosystem. Nonetheless, considering that ecosystem analysis may be applied 
to microcosm, we conceptualize an organization and its internal and external environment as an 
ecosystem. Regarding the internal environment, the notion of business process ecosystem illustrates 
ecological insights at this level (Vidgen and Wang 2006). The components of a business process 
ecosystems (business users, business processes, IT developers, software services, and possibly other 
entities), like species in a natural ecosystem, all adapt to the changing environment. Because these 
components are interdependent, their adaptations are interdependent, making themselves coevolving 
with each other in the ecosystem. To facilitate such coevolution and improve overall fitness of the 
components, managers may change the design of the ecosystem by modifying ecological parameters 
such as the number of the business processes and the size of the software services. 
Regarding an organization's external environment, ecosystems based both on a firm's industry 
platforms controlled by the platform owner prompt ecological thinking. A firm develops and controls 
a product, service, or technology which serves as the foundation on which a larger number of firms 
can build complementary innovations (Gawer and Cusumano 2014). Depending on where the focal 
firm is located in the ecosystem, the value of innovation it can capture varies. A study of the global 
semiconductor lithography equipment industry found that greater upstream innovation by the 
suppliers of components enhance the benefits that accrue to the focal firm, while greater downstream 
innovation by the providers of complements erode these benefits (Adner and Kapoor 2010). 
 
A smaller unit of analysis is nested inside a larger unit of analysis.  
The boundary of each level is permeable. For example, each 
organization is nested inside one or more populations. One 
community consists of multiple populations. 
Figure 1.  A Nested Ecological Typology 
 Landscape 
Ecosystems 
Communities 
Populations 
Organizations 
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Digital technology embodies and/or enables innovations in the business processes within 
organizations and in the platforms that link the focal organization with its suppliers and complement 
developers. Therefore, the business process ecosystems and industry platform ecosystems are both 
examples of digital innovation ecosystems at the organizational level, centered on the focal 
organization. 
Population Ecology of Digital Innovation 
"A population is a group of individuals of the same species living in an area. Population ecology 
analyzes factors that affect population size and how and why it changes through time (Urry et al. 
2017, p. 1163). Although populations in a natural ecosystem are often mapped to populations of 
similar organizations (industries) in a sociotechnical system, the insights of population ecology may 
be applicable to other types of populations (such as groups of individuals) in sociotechnical systems. 
In OS, population ecology is a theoretical approach to understanding the "forces that shape the 
structures of organizations over long time spans" (Hannan and Freeman 1989, p. xi). This theory 
recognizes the limits of organizations' abilities to adapt and suggests that different environmental 
conditions favor different types of organizations. Organizations that rely on the same environment 
must find ways to coexist and this coexistence is often a double-edged sword. Presence of similar 
organizations provides legitimacy for that type of organizations (Meyer and Rowan 1977). At the 
same time, similar organizations rely on similar resources, forcing them to compete for the ultimately 
finite resources they need. As a population of similar organizations emerges, increasing legitimacy 
attracts new organizations and reduces the chances of failure for those already in the population. As 
the population grows, increasing competition discourages new entries and causes incumbents to fail. 
Accordingly, population density is often used as a measure for both symbiosis and competition among 
organizations in a population or industry (Hannan et al. 1995). 
In ecological terms, each type of organization forms a population which occupies its own niche, 
defined by the resources that those organizations in the population need to survive (Popielarz and 
Neal 2007). For over four decades, organizational researchers have studied ecological processes 
primarily at the population level (Baum and Amburgey 2002). In IS, population ecology theory has 
been applied to analyze the ecology of online groups (Wang et al. 2013) and of mobile social apps 
(Kwon et al. 2015) both exemplify digital innovation ecosystems. 
Community Ecology of Digital Innovation 
"A community is a group of populations of different species in an area. Community ecology examines 
how interactions between species, such as predation and competition, affect community structure and 
organization" (Urry et al. 2017, p. 1163). "Ecologists define the boundaries of a particular community 
to fit their research questions: They might study the community of decomposers and other organisms 
living on a rotting log, the benthic community in Lake Superior, or the community of trees and shrubs 
in Sequoia National Park in California" (Urry et al. 2017, p. 1213). In an ecological community, 
diverse species play different roles in the community's trophic structure and the relationships among 
populations range from competition, predation, herbivory, parasitism, mutualism, to commensalism. 
In sociotechnical systems, an innovation community is comprised of interdependent populations of 
organizations with interests in producing and/or using a distinct, identifiable focal innovation (such as 
drones, smart grids, or internet of things) (Lynn et al. 1996; West and Lakhani 2008). Regarding the 
production of innovations, Hage and Hollingsworth (2000) conceptualized "idea innovation networks" 
consisting of six functional arenas (basic research, applied research, product development, production 
research, quality control, and commercialization), where various organizations engage in the 
production of innovations. In ecological terms, innovations are supplied by not only populations of 
basic research such as government labs and universities, but also populations of design firms, venture 
capitals, advertising agencies, wholesalers, and retailers, whose activities are regulated by industrial 
or professional organizations and/or federal and state governments (Figure 2). 
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Yet, this broader view of innovation production shows only half of the puzzle. Innovations must be 
used to realize their social and economic value (Edgerton 2007; Hsieh et al. 2011). From the 
Diffusion of Innovation perspective (Rogers 2003), Swanson and Ramiller (2004) characterized the 
core activities of applying information technology (IT) innovations as comprehension, adoption, 
implementation, and assimilation. These activities may not progress sequentially and can, if the 
conditions are not right, lead at any point to abandonment of the innovation. For this reason, each 
adopter's innovation journey is supported and affected by populations of consultants, research firms, 
news agencies, universities, financial institutions, media companies, and other adopters of the 
innovation (Figure 2). While symbiosis among these populations seems self-explanatory, competition 
can take many forms, including competition among the adopters for experts' knowledge, among 
consultants for innovation users, and among vendors for partners, implementers, and media coverage. 
A recent study of the CRM (customer relationship management) innovation community revealed that 
diverse populations of organizations, involved in the production and use of CRM innovations and they 
played different roles, including academic researcher, adopter, consultant, industry researcher, and 
technology provider (Wang et al. 2015). Another study on the cloud computing community found 
organizations there had various types of relationships, such as competition, collaboration, and 
adoption, with each other (Sun and Wang 2012). 
An innovation community emerges to make sense of the innovation and orchestrate material activities 
related to the innovation. Diverse membership is an essential characteristic of innovation 
communities. The collection of actors in the community evolves dynamically, as the collective 
attention to the innovation evolves and business opportunities change. When joining and exiting the 
community is relatively easy (Butler and Wang 2012), community membership is relatively fluid: at 
one point some organizations have memberships in multiple communities (Selander et al. 2013), but 
their memberships are only partial due to their limited and changing commitments (Hannan 2010). 
Ecosystem Ecology of Digital Innovation 
"An ecosystem is the community of organisms in an area and the physical factors with which those 
organisms interact" (Urry et al. 2017, p. 1163). Since communities can be large or small, the scope of 
ecosystem analysis varies significantly from microcosm to a large area. Regardless of the size of the 
ecosystem, ecosystem ecology is concerned with how energy flows and chemicals cycle between 
organisms and the environment. Based on the varying scopes of communities and ecosystems in 
nature, we have thus far applied ecosystem analysis to every layer of the multilevel model. But in 
digital innovation ecosystems, what processes correspond to energy flow and chemical cycling? 
Energy and chemicals are abiotic resources in a natural ecosystem. Resources in a sociotechnical 
system are manifold: attention, knowledge, capabilities, value, and so on. Just as energy flows through 
a natural ecosystem, attention flows through the individuals and organizations at multiple levels of a 
digital innovation ecosystem. Gartner's Hype Cycles, a graphic tool based on IT market research 
analysts' opinions, portray the evolving visibility of various digital innovations and the collective 
attention to these innovations paid by members of the innovation communities (Fenn and Raskino 
2008). Although attention is a notoriously scare resource (Simon 1971), due to the hard work of idea 
entrepreneurs such as consultants and analysts (Abrahamson and Fairchild 2001), certain innovations 
may garner management attention out of all proportion to the ultimate benefits flowing from their 
actual use (Fichman 2004). Hence, the amount of attention paid to a digital innovation does not 
guarantee successful implementation or the realization of benefits or value from the innovation 
(Swanson 2012). 
Knowledge is an important type of nutrient in a digital innovation ecosystem. Innovations require 
people and organizations to learn and to create knowledge to develop and utilize the innovations. 
While it is by now well accepted that practice-based learning-by-doing often conducted in 
communities of practice fosters innovation (Brown and Duguid 1991; Lave and Wenger 1991), 
discourse-based learning among heterogeneous members of an innovation community may be far 
more prevalent and important than we expect (Wang and Ramiller 2009). Another type of nutrient is 
the value of innovation, which is created, distributed, and captured by members of an innovation 
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community. Research on digital innovation platform ecosystems has shown that the location/position 
that firms occupy in the value networks embedded in the ecosystem determine how value is 
distributed and captured (Adner and Kapoor 2010; Pagani 2013). 
Landscape Ecology of Digital Innovation 
"A landscape (or seascape) is a mosaic of connected ecosystems. Research in landscape ecology 
focuses on the factors controlling exchanges of energy, materials, and organisms across multiple 
ecosystems" (Urry et al. 2017, p. 1163). Accordingly, an innovation landscape is a collage of 
interdependent innovation communities that deploy resources to produce and use innovations (Figure 
2). Multiple innovations and their associated innovation communities (A, B, and C) appear in the 
landscape. Community boundaries are porous allowing individuals, groups, and organizations to 
either move between or simultaneously participate in multiple activities or communities. As resources 
flow across innovation communities, production and use of one innovation may become dependent on 
the supply and demand of resources associated with other innovations. 
 
Figure 2.  A Landscape of Innovations 
Research on technology ecosystems or IT ecosystems addresses the relationships of ecosystems at the 
landscape level. For example, while ecosystem analysis of an innovation community may reveal when 
a coherent solution (consisting of a core product and its complements all developed equally well) is 
ready for the market, landscape ecology helps determine whether and when this new solution can 
replace the old solution because actors and factors in the old solution's ecosystem are also taken into 
consideration (Adner and Kapoor 2016). Just as ecologists classify types of biomes in order to 
understand and preserve natural landscapes, innovators should map the terrains of innovation 
landscape where they navigate the complex relationships among innovations and their ecosystems. 
Utilities of the Multilevel Ecological Model 
After reviewing the ecosystem literature, we have mapped various ecosystems for different purposes 
on the layers of a multilevel model of digital innovation ecosystems. These layers correspond to the 
varying scopes of ecological research. This model helps us clarify the confusion surrounding the 
many definitions of the ecosystem concept. It can also help advance digital innovation research by (1) 
revitalizing existing theories, (2) resolving theoretical puzzles, and (3) breaking new ground. 
Regarding existing theories, we take population ecology theory as an example. The theory has proven 
useful in explaining vitality rates of organizations in various industries with ecological metrics such as 
population density. Recently organizational ecologists have begun to theorize the blurring or fuzzy 
boundaries between niches and categories of products and innovations (Hannan 2010; Pontikes and 
Hannan 2014), a phenomenon central to digital innovations. With our multilevel ecological model, 
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research on categorization can be applied to understand fuzzy boundaries of not just populations but 
also communities and ecosystems, overcoming the challenge to explain hierarchical categories of 
organizations, populations, and communities interacting with digital innovations. 
Among the theoretical puzzles related to digital innovation, we highlight the one about disruptive 
innovation as an example. The theory of disruptive innovation claims that initially simpler, cheaper 
technologies may create new markets that disrupt the markets of existing technologies, causing the 
existing market leaders to fail (Christensen 1997). Recently Christensen has been accused of cherry-
picking successful insurgents (and failed incumbents) (Lepore 2014) and he has fiercely denied the 
accusation. This dispute may be resolved by a broader, ecological view of the innovation landscape, 
as opposed to the zero-sum game between the insurgent and the incumbent. Just as ecologists measure 
disturbance and biodiversity to access the resilience of biological communities, innovation researchers 
can also measure disruption and the diversity of interrelated communities and ecosystems, not just the 
focal innovation in the focal community. This approach may be able to theorize the conditions under 
which disruption leads to incumbents' failure, outperforming anecdotal evidence. 
Finally, digital innovation research may break promising new ground by analyzing the interactions 
between and across the different layers of this multilevel model. As energy flow and chemical cycling 
never stay at just one layer of a natural ecosystem, resources in a digital innovation ecosystem move 
around, across different levels. For example, a longitudinal study of community and organizational 
learning in the ERP (enterprise resource planning) ecosystem found that organizations contributed 
local knowledge to the broader community and the community fed important lessons learned back to 
organizations (Wang 2009). Such cross-level analysis may enrich theories on knowledge and learning, 
dynamic capabilities, and economic and social values related to digital innovations. 
Conclusion 
Our review of the literature on digital innovation and ecosystems suggests that our efforts to develop, 
understand, and utilize digital innovations may benefit from taking the ecological perspective 
seriously, not just as metaphors, but as a modeling strategy. Specifically, the concept of ecosystem 
can be applied to multiple levels of the digital innovation landscape, linking diverse entities such as 
processes, organizations, industries, communities, and society, as they draw on resources, including 
attention, knowledge, technologies, and capabilities, to create, distribute, and realize the value of 
digital innovations. This multilevel, ecological model can help revitalize existing theories, resolve 
theoretical puzzles, and break new ground in the research both on digital innovation and on 
innovation ecosystems. Further development is needed in the future to theorize and measure the 
health, structure, and performance of digital innovation ecosystems. 
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